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Chapter 1
Introduction 

Welcome to 120 Mathematical economics which is a ‘300’ course 
offered on the Economics, Management, Finance and Social Sciences 
(EMFSS) suite of programmes.

In this brief introduction, we describe the nature of this course and advise 
on how best to approach it. Essential textbooks and Further reading 
resources for the entire course are listed in this introduction for easy 
reference. At the end we present relevant examination advice.

1.1 The structure of the course
The course consist of two parts which are roughly equal in length but 
belonging to the two different realms of economics.

• The first part deals with the mathematical apparatus needed to rigoursly 
formulate the core of microeconomics, the consumer choice theory.

• The second part presents a host of techniques used to model 
intertemporal decision making in macreconomy.

The two parts are also different in style. In the first part it is important to 
lay down rigourous proofs of the main theorems while paying attention 
to to assumption details. The second part often dispenses with rigour in 
favour of slightly informal derivations needed to grasp the essenceof the 
methods. The formal treatment of the underlying mathematical foundations 
is too difficult to be within the scope of undergraduate study; still, the 
methods can be used fruitfully without the technicalties involved: most 
macroeconomists actively employing them have never taken a formal course 
in optimal control theory.

If taken as part of a BSc degree, courses which must be passed before this 
course may be attempted are 66 Microeconomics, 05a Mathematics 
1 and 05B Mathematics 2 or 174 Calculus, which cover multivariate 
calculus and integration. As you already have this understanding, we have 
striven to make the exposition in both parts of the subject completely self-
contained. This means that beyond the basic prerequisites you do not need 
to have an extensive background in fields like functional analysis, topology, 
or differential equations. Howeve, such a background may allow you to 
progress faster. For instance, if you have studied the concepts and methods 
of ordinary differential equations before you may find you can skip parts of 
Chapter 8.

By design the course has a significant economic component. Therefore 
we apply the techniques of constrained optimisation to the problems of 
static consumer and firm choice; the dynamnic programming methods 
are employed to analyse consumption smoothing, habit formation and 
allocation of spending on durables and non-durables; the phase plane 
tools are used to study dynamic fiscal policy analysis and foreign currency 
reserves dynamics; Pontryagin’s maximum principle is utilised to examine 
firm’s investment behaviour and the aggregate saving behaviour in an 
economy.
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The book by Sydsaester et al. is a recent attempt to close that gap, and is 
therefore the Essential reading for the second part of the course, despite 
the factthatthe exposition is slightly more formal than in this giude. This 
book covers almost all of the topics in the course, although the empasis 
falls on the technique and not on the proof. It also provides useful 
reference for Linear algebra, calculus and basic topology. The style of the 
text is slightly more formal than the one adopted in this subject guide. 
For that reason we have included references to Further reading, especially 
from various macroeconomics text books, which may help develop a more 
intuitive (non-formal) understanding of the concepts from the application-
centred perspective. Note that whatever your choice of further reading 
reading textbooks is, textbook reading is essential. As with lectures, 
this guide gives structure to your study, while the additional reading 
supplies a lot of detail to supplement this structure. The are also more 
learning activities and Sample examination questions, with solutions, to 
work through in each chapter.

Detailed reading references in this subject guide refer to the editions of the 
set textbooks listed above. New editions of one or more of these textbooks 
may have been published by the time you study this course. You can use 
a more recent edition of any of the books; use the detailed chapter and 
section headings and the index to identify relevant readings. Also check 
the virtual learning environment (VLE) regularly for updated guidance on 
readings.

Further reading
Please note that as long as you read the Essential reading you are then free 
to read around the subject area in any text, paper or online resource. You 
will need to support your learning by reading as widely as possible and by 
thinking about how these principles apply in the real world. To help you 
read extensively, you have free access to the VLE and University of London 
Online Library (see below).

Other useful texts for this course include:

Barro, R. and X. Sala-i-Martin Economic Growth. (McGraw-Hill, 1995)
[ISBN 9780262025539] The mathematical appendix contains useful 
reference in condensed form for phase plane analysis and optimal control.

Kamien, M. and N.L. Schwarz Dynamic optimisation: the calculus of variations 
and opptimal control in economics and management. (Elsevier Science, 
1991) [ISBN 9780444016096] This book extensively covers optimal control 
methods.

Lunjqvist, L. and T.J. Sargent Revcursive macroeconomic theory. (MIT Press, 
2001) [ISBN 9780262122740] This book is a comprehensive (thus huge!) 
study of macroeconomical applications centred around the dynamic 
programming technique.

Rangarajan, S. A first course in optimization theory. (Cambridge, 1996)
[ISBN 9780521497701] Chapters 11 and 12. This book has a chapter on 
dynamic programming.

Sargent, T.J. Dynamic macroeconomic theory. (Harvard University Press, 1987)
[ISBN 9780674218772] Chapter 1. This book has a goof introduction into 
dynamic programming.

Simon, C.P. and L. Blume Mathematics for economists. (W.W Norton, 1994)
[ISBN 9780393957334] This textbook deals with static optimisation topics 
in a comprehensive manner. It also covers substantial parts of differential 
equations theory.

Takayama, A. Analytical methods in economics. (University of Michigan Press, 
1999) [ISBN 9780472081356] This book extensively covers the optimal 
control methods.











More generally, we will be interested in similar problems as that outlined above. 
Another important example of such a problem is that of a consumer maximising 
his utility trying to choose what to consume and constrained by his budget. We can 
formulate the general problem denoted by COP as:




















































































